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ABSTRACT 

PURPOSE: To provide the liquid crystal panel which has less stray light and 
enables display of a high contrast to be conducted by providing a layer for 
absorbing the light from a light source in at least a part of the side 
periphery of a metallic wiring. 

CONSTITUTION: A layer 1 09 which absorbs the light is provided in a part of 
the side periphery of the metallic wiring 104 of the active element on at 
least one substrate of the substrates constituting the liquid crystal 
panel. While the metallic wiring 104 is provided directly on the substrate 
in such a case, films having other functions are provided on top and bottom 
of this wiring 104 at need. The light absorption layer 1 09 does not 
generate the stray I ight and has rather a function to decrease the stray 
light. The materials to be used can absorb the light as far as the 
materials are black. Thin films essentially consisting of the carbon formed 
by a vapor phase method (for example, diamond-like carbon, amorphous 
carbon), black organic material films, oxide films of metals, etc., are 
applied to the above-mentioned materials. 
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(11) Japanese Patent Laid-Open No. 5-2187 

(43) Laid-Open Date: January 8, 1993 

(21) Application No. 3-33482 

5 (22) Application Date: January 31, 1991 

(71) Applicant: Semiconductor Energy Laboratory Co., Ltd. 

(54) [Title of the Invention] 

Liquid Crystal Electro-optical Device 
(57) [Abstract] 
[Object] 

A liquid crystal panel having little stray light is realized 
and a high contrast of a display is realized. 
[Structure] 

As shown in Fig. 1, on one part around the side of a metal 
wiring of an active device on at least either one of substrates 
constructing a liquid crystal panel, a layer 109 for absorbing 
light is formed, so that an occurrence of stray light is 
suppressed. 

[Scope of Claim for a Patent] 
[Claim 1] 

A liquid crystal electro-optical device characterized in 
that a layer for absorbing light from a light source is formed 
on at least a part around the side of a metal wiring connected 
to a switching element on a substrate constructing said liquid 
crystal electro-optical device. 
[Claim 2] 

A liquid crystal electro-optical device according to claim 
1, characterized in that said light absorbing layer "is 
constructed by a film containing carbon as a main component 
[Claim 3] 

A liquid crystal electro-optical device according to claim 
1, characterized in that said light absorbing layer is 
constructed by an organic material film. 
[Claim 4] 

An image display apparatus characterized in that the 
apparatus is constructed by using a liquid crystal electro- 
optical device in which a layer for absorbing light from a light 
source is formed on at least a part around the side of a metal 
wiring connected to a switching element on a substrate 
constructing said liquid crystal electro-optical device 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Application] 

The present invention relates to a structure of a r 
5 crystal electro-optical device 3n H * structure of a liquid 
n • j ^ ai aevice ana, more particular! v t-^ 

liquid crystal electro-optical device which is suitable ^ 
when an image is enlargedly displayed by using th > liT^ 
crystal electro-optical device g liquid 

[0002] 
10 [Prior Art] 
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Hitherto, in an apparatus for specifically disolav-i™ 

video signal which is transmitted from a ground TV station 

satellite TV station, a cable TV station or a J ° 

recording device (such as video deck d h J lmagS 
dic?V r»r- 1-1. * ^- . vxaeo aec */ laser disk, magnetooptical 

disk, or the like) which is individually provide i-vL opcical 
a system for allowina a t3m ^ Provided, there is used 

by irradiating «^ctro^ J ^"^^ ******* Z ° enit light 
tube or a CRT eleCtron beam « a vacuum tube called a Braun 
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having a size of 20 Inches but alio^h VP* S=reen 
size of 30 lncnes hut also the display screen having a 

use'to me et Z h Z h T, ™ZL™" a * ^ P«=tical 



use to meet the public requirements. 
25 [0004] 



In case of the diagonal size of 3 0 inches t-h« * „u • 
equal to about 3 0 inches <rh« h u , mcnes , the depth is 

also exceeds one centimeter ^oSZ^LZj?"' ^ 
When the display screen exceeds 30 LtLT the total* Stre " 9th - 
30 sufficiently larger than 100 ko T°.-k. ,1 ""^ 13 

difficult to set a ll > ■ general homes, it is 

setting location is Sed "T ^ UlUeSS * 

" -L-Lmiuea. When a layout chanap or- <-v>^ -.-i 
occurs, it is HiffiVnu *- , ^ <~nange or the like 

problem £ an 1^1°^: "fff by ta ~ ™e 
35 [0005] distribute it among general homes. 

recezve/ofa P r°oH ec^on t™ Pr ° blSm ^ th = Wei * hC < * ™ 
dispiay b y ".^^r^^^:;-- -ch that a 

enlargedlv di^l^v^ k naving a high luminance is 

■0 screen ^ at o J o^" 7™? Md is P-J-ted to a 

having a large dfspla^ area. ^ " USed f " 3 receiv « 



[0006] 



cathrdeTay-UrVVtc^t^h' V^" ° f "» 

receiver m which a liquid crystal 
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panel of a thin film transistor type using amorphous silicon is 
used as an original display screen has been put 
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into practical use and proposed. Since the weight is about 3 0% 
of that of the cathode ray tube type receiver of the projection, 
the fact is one of factors accelerating the spread to the 
general homes . 
[0007] 

A projection display apparatus using the liquid crystal 
panel uses three liquid crystal panels exclusive-use for red 
(R) , green (G) , and blue (B) , synthesizes the panels into one 
screen by an optical system as shown in Fig. 2, and enlargedly 
displays it. For this purpose, the three liquid crystal panels 
require a high alignment accuracy. Specifically speaking, an 
accuracy of ljim is required. 
[0008] 

In the display apparatus of the projection type as mentioned 
15 above, the liquid crystal panel of about 3 inches is enlarged to 
a screen of about 100 inches and displayed to a screen which is 
four to five meters away. Therefore, in order to prevent the 
display screen of 100 inches from being roughened and blurred, 
it is necessary to set the liquid crystal panel for displaying 
before the enlargement to a high density. 
[0009] 

[Problems that the Invention is to Solve] 

In such a liquid crystal panel, a distance between adjacent 
pixel electrodes is naturally shortened. A metal wiring for an 
25 active device is arranged in an X direction or a Y direction in 
the narrow space. Fig. 3 shows a schematic vertical sectional 
view of the liquid crystal panel showing the above state. In 
the diagram, for simplicity of description, a portion in which 
no switching element exists is shown and only component elements 
necessary for the description are shown. Consequently, the 
construction is slightly different from that of an actual liquid 
crystal panel. 
[0010] 

Reference numeral 101 denotes a transparent glass substrate 
and 102 and 103 denote pixel electrodes. An interval between 
the pixel electrodes is about hundreds of urn. A metal wiring 
104 is arranged in it. 
[0011] 

As for the projection display apparatus, in both of a rear 
40 type and a front type, light from a powerful light source is 
irradiated to the liquid crystal panel and the enlargement 
display is made by using the optical system. Light L from the 
light source is transmitted through the glass substrate and is 
irradiated to the pixel portion and is also simultaneously 
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irradiated to the metal wiring portion 104 of the active device. 
In the portion, the light is reflected and scattered. As for 
the scattered and reflected light, the light which is again 
reflected and scattered in the glass substrate portion and the 
light which goes out of the liquid crystal panel as it is exist 
[0012] 

Even when the light is not transmitted by turning off the 
display of the pixel 103, the light reflected and scattered in 
the wiring portion is transmitted from the peripheral portion of 
the pixel through the liquid crystal panel. Therefore, when the 
pixel 102 is turned off, the slight light is leaked, so that the 
contrast of the display is deteriorated. 
[0013] 

Particularly, in the projection display apparatuses of both 
15 of the rear type and front type, it is desired to brighten the 
projection screen so that it can be watched well even in a light 
location. For this purpose, light is irradiated by a powerful 
light source and the luminous intensity of the above-mentioned 
reflected and scattered light (stray light) is enhanced, so that 
20 the deterioration in contrast of the display is largely 
influenced. 
[0014] 

Further, when the realization of a high definition and a 
high density in the display screen is progressed, the interval 
25 between pixels becomes narrower or a ratio of the size of the 
pixel to the size of the wiring becomes smaller, so that the 
influence due to the stray light is increased. Therefore, it is 
necessary to further raise the display contrast 
[0015] 

30 [Means for Solving the Problems] 

The present invention intends to prevent a decrease in 
contrast due to stray light as mentioned above. According to 
the invention, as shown in Fig. 1, a layer 109 for absorbing 
light is formed on a part around the side of a metal wiring of 

35 an active device on at least either one of substrates 
constructing a liquid crystal panel, thereby suppressing an 
occurrence of the stray light. 
[0016] 

In Fig. 1, the metal wiring 104 is directly formed on the 
40 substrate. Since the diagram shows a schematic of only 
necessary component elements, actually, films having the other 
functions are formed on and under the wiring as necessary 
[0017] 

The light absorbing layer 109 has a function to reduce the 
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stray light rather than to prevent the stray light from 
occurring. As a material to be used, in case of a black 
material, it can absorb light. However, in consideration of 
influences on a liquid crystal material, an active device, and 
5 an electrode material, a thin film (for example, diamond-like- 
carbon, amorphous carbon) which is formed by a vapor phase 
method and which contains carbon as a main component, a black 
organic material film for an electronic material, a metal oxide 
film, or the like can be applied. 
10 [0018] 

As a positional relation between the light absorbing layer 
and the metal wiring, as shown in Fig. 4, various situations can 
be considered. In Fig. 4(A), the light absorbing layer 109 is 
formed on the surface of the metal wiring 104 on the side 

15 opposite to the substrate. As a schematic forming method of the 
light absorbing layer in this case, on the upper whole surface 
of the metal wiring formed on the substrate, a film containing 
carbon as a main component is formed by the vapor phase method. 
Subsequently, the film 109 is etched to remove by using a 

20 photolithography process. In this instance, when photoresist is 
exposed, light is emitted from the substrate side, the metal 
wiring is used as a mask, so that the film can be also formed 
due to the wiring and self -aligning . 
[0019] 

25 In case of Fig. 1, after the film containing carbon as a 

main component is formed on the whole surface of the substrate, 
a material for the metal wiring is formed on the whole surface. 
After that, the metal wiring and light absorbing layer can be 
simultaneously formed by the same process by using one mask. In 

30 Figs. 4(B) and (C) , the film can be formed by combining the 
processes . 
[0020] 

On the other hand, in Fig. 4(D), an organic resin or the 
like made by containing black dye into an epoxy resin is 

35 directly printed onto the metal wiring by a printing method, 
thereby forming a light absorbing layer 110. It is formed 
between the pixel electrodes 102 and 103 by arbitrarily .changing 
a pattern upon printing. As mentioned above, when most of the 
metal wiring is covered by the substrate and the light absorbing 

40 layer made of the organic resin, such an effect as to suppress a 
leakage of an electric signal between the metal wiring and pixel 
electrode or between the metal wirings can be simultaneously 
expected. Although the film 9 which is formed by the vapor 
phase method and which contains carbon as a main component is 
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formed by the above-mentioned method, it can be also omitted as 
necessary. 
[0021] 

In the structure shown in Fig. 4(C), the film can be also 
5 formed by directly oxidizing the exposed surface of the metal 
wiring. For instance, when the metal wiring is aluminum, it is 
also sufficient that an aluminum oxidation processing is 
performed onto the surface, thereby forming black aluminum 
oxidation on the surface. Ordinarily, when the surface of the 
10 metal wiring is oxidized to form not a complete oxide film but a 
lower oxide film, the surface is blackened, so that the light 
absorbing layer can be formed. 
[0022] 

Further, as for the arranging relation between the light 
15 absorbing layer, substrate, and electrode, various embodiments 
exist depending on the structure of the applied liquid crystal 
panel and the structure of the applied active device. At that 
time, it can be applied in consideration of the number of 
processes and costs for the formation. 
20 [0023] 

Fig. 4 shows only the component elements necessary to show 
the arranging relation between the light absorbing layer, 
substrate, and electrode and is not a diagram which intends to 
limit to the construction. In the actual liquid crystal panel, 
25 many other component elements exist. 
[0024] 

When the film containing carbon as a main component is 
formed by the vapor phase method, a heat or an electrical energy 
is applied to a hydrocarbon gas such as ethylene, methane, or 

3 0 the like to decompose, thereby forming a film coating. A formed 
carbon film is ordinarily transparent or translucent. Since it 
cannot be used as a light absorbing layer as it is, it is 
necessary to blacken it. As a method of forming the blackened 
carbon film, a plasma CVD apparatus is used, the hydrocarbon gas 

35 (of saturated/unsaturated hydrocarbon such as acetylene, 
ethylene, ethane, or the like) is used as a reactive gas, the 
gas is activated to decompose by applying an electric power of a 
high frequency. (13.56 MHz), thereby forming a film. At that 
time, the blackened carbon film can be formed by applying a high 

40 bias potential which is minus for the ground potential to the 
film forming substrate. 
[0025]. 

Specifically speaking, an ethylene gas of 10 SCCM is 
supplied into a reaction chamber, a pressure in the reaction 



7 



♦ I 



chamber is equal to 0.05 torr, an Rf power is equal to 60W, a 
substrate temperature is not specially set, and a substrate bias 
voltage of - 70 0V is applied, and a film is then formed. In 
this instance, as the bias voltage to be applied to the 
5 substrate is higher, the more blackened film can be formed. 
When the bias voltage is equal to or larger than -100V, the film 
is approximate to transparent. When the negative bias voltage 
exceeds the above value and is further raised, the blackened 
film is formed. As electrical characteristics of the film, a 
10 conductivity on the order of 10-7 scm is obtained and a 
dielectric constant is equal to 3.03, so that the film of a low 
dielectric constant is obtained. 
[0026] 

When the carbon film is patterned as shown in Fig. 1 or Fig. 
15 4, the patterning can be performed by using an etching gas such 
as oxygen or NF 3 . A selective ratio with the other film can be 
also sufficiently obtained. 
[0027] 

[ Embodiments ] 
20 (Embodiment 1) 

In the present embodiment, an example in which a thin film 
transistor of a complementary type construction is formed as an 
active device on one pixel electrode is shown. 
[0028] 

25 In the embodiment, explanation of a liquid crystal display 

apparatus will now be made by using a liquid crystal display 
apparatus using a circuit construction as shown in Fig. 5, 
namely, a circuit construction of an inverter type. An actual 
arrangement construction of electrodes and the like 

3 0 corresponding to the circuit construction is shown in Fig. 6. 
For simplicity of explanation, only portion corresponding to (2 
x 2) is shown. 
[0029] 

A forming method of the liquid crystal electro-optical 
3 5 device to be used in the embodiment will now be described by 
using Fig. 7. In Fig. 7(A), on glass 50 such as quartz glass or 
the like which is not expensive and which can be resistant to a 
heat treatment of 700°C or less, for example, about 600°C, a 
silicon oxide film as a blocking layer 51 is formed so that the 
40 thickness is set to 1000 to 3 000 A by a magnetron RF (high- 
frequency) sputtering method. As processing conditions, in an 
oxygen 100% atmosphere, a film forming temperature is set to 
15°C, a power is set to 400 to 800W, a pressure is set to 0.5 
Pa. A film forming speed in case where quartz or monosilicon is 
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used as a target is 30 to 100 A/min. 
[0030] 

A silicon film is formed on it by an LPCVD (low pressure 
chemical vapor deposition) method, a sputtering method, or a 
5 plasma CVD method. in case of forming by the LPCVD method, 
disilane (S l2 H 6 ) or trisilane (Si 3 H 8 ) is supplied to a CVD 
apparatus at 450 to 550°C that is lower than a crystallizing 
temperature by 100 to 200°C, for example, at 530°C, thereby 
in ™T Xng a co *ting. A pressure in a reactor is set to 30 to 

300 Pa. a film forming speed is set to 50 to 250 A/min in 
order to control a threshold voltage (vth) of an NTFT so as to 
be substantially the same as that of a PTFT, it is also 
sufficient that a concentration of boron is set to (1 x 1015, to 

15 formation ^ USlng dib ° rane ifc is added during the film 

[0031] 

In case of performing by the sputtering method, a back 
pressure before the sputtering is set to (1 x 10-5) Pa or less 

20 liC t n ^ USSd 33 3 targSt ' and the P roc ^^ is performed in 

20 an atmosphere obtained by mixing hydrogen into argon by 2 0 to 

It SO* Tr^; arg ° n ±S miXSd bY 2 ° % and hydrogen is mixed 
&y 80%. The film forming temperature is equal to 150°C 

Ir^Tr^ ^ e<3Ual t0 13 * 56 miZ ' s P utt ering power is set to 400 
to 800W, and pressure is equal to 0 5 p a 
25 [0032] 

When the silicon film is formed by the plasma CVD method, 

(SiH I* r? tU ? iS , SSt t0 ' f ° r exam P^' 300°C and monosilane 
(SiH 4 ) or disilane (Si 2 H 6 ) is used. it is included into a PCVD 

apparatus and a high frequency electric power of 13.56 MHz is 
applied, thereby forming a film coating 
[0033] 

orefeL^r ^ C ° ating formed b ^ th * above methods, it is 
preferable that a concentration of oxygen is equal to or less 
than (5 x 1021) cm -3 . wh en the oxygen concentration ±a h± 

has to V° CryS 5 allize ' so that a thermal annealing temperature 
^1 °, r ! 1Sed thSrmal waling time has to be extended. 

2t to V\ T- T 11 ' " CUrrSnt in the 0FF state increases 

fnisn ? 9 Therefore ' ^ i« ^et in the range of (4 x 

40 ; 2 c X rr 3, * concentration of hydrogen fs equal to 

(4 x 1020, cm - 3 and corresponds to 1 atom* as compared with a 
concentration of silicon of (4 x 1022, cm - 3 . In or J r tQ fur ^* 
accelerate the crystallization for a source and a drain the 
oxygen concentration is equal to (7 x 10X9, cm - 3 or i ess 
preferably, (1 x 10-) cm-3 or less . 0xygen can be ~ ^ 
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into only channel forming region of the TFT with a pixel 
construction so that the concentration is set to (5 x 10 20) to (5 
x 1021) cm -3 by an ion implanting method. At that time, since 
the light irradiation is not performed to the TFT constructing 
peripheral circuits, such a fact that the mixture of oxygen is 
further reduced and a larger carrier mobility is obtained is 
effective to perform the high-frequency operation. 
[0034] 

A silicon film in an amorphous state is formed so that the 
thickness is set to 500 to 5000 A, for example, 1500 A and, 
after that, a heat treatment at a medium temperature is 
performed at a temperature of 450 to 700°C in a non-oxide 
atmosphere for 12 to 70 hours, for example, it is held at a 
temperature of 600°C in a hydrogen atmosphere. Since the 
silicon oxide film of the amorphous structure is formed on the 
surface of the substrate under the silicon film, no specific 
nucleus exists by the heat treatment and the whole film is 
uniformly thermally annealed. That is, when the film is formed, 
it has the amorphous structure and hydrogen is merely mixed 
[0035] 

The silicon film is shifted from the amorphous structure to 
a high ordering state by the annealing and a part of it shows a 
crystalline state. Particularly, a region in a relatively high 
ordering state after completion of the formation of the silicon 
film is crystallized and tries to enter the crystalline state. 
However, since a mutual connection is performed by silicon 
existing between those regions, the silicon elements are 
mutually attracted. When it is measured by a laser Raman 
spectrometry, a peak which is shifted to the side in which the 
frequency is lower than a peak of 522 cm-i of monosilicon is 
observed. When the apparent particle diameter of it. is 
calculated from the half value width, it is equal to 50 to" 500 
A, namely, like a micro crystal. As a matter of fact, many 
regions having a high crystallization exist and each region has 
a cluster structure. A film of a semi-amorphous structure in 
which the clusters are connected (anchor-ringed) by the silicon 
elements can be formed. 
[0036] 

Consequently, the film shows the state which may be seemed 
that no grain boundary (hereinbelow, referred to as a GB) 
substantially exists. Since carriers can easily move between 
the clusters through the anchor-ringed portions, the carrier 
mobility that is higher than that of polysilicon in which the GB 
clearly exists is obtained. That is, the Hall mobility (|ih) = 



10 



5 ) { ) 

10 to 200 cm2/vsec and the electron mobility (|le) = 15 to 300 

cm 2 /VSec are obtained. 

[0037] 

On the other hand, when the film is polycrys tallized by a 
high- temperature annealing of 900 to 1200°C in place of the 
middle-temperature annealing as mentioned above, a segregation 
of impurities in the film occurs due to a solid phase growth 
from the nucleus and impurities such as oxygen, carbon, 
nitrogen, and the like increase in the GB. Although the 
mobility in the crystal is large, a barrier (obstacle) is formed 
in the GB, so that the movement of carriers is obstructed. 
Consequently, the fact is that the mobility of 10 cmWSec or 
more cannot be easily obtained. That is, in the embodiment, the 
silicon semiconductor having the semi-amorphous or semi- 
crystalline structure is used because of the above-mentioned 
reasons . 
[0038] 

A silicon oxide film is formed as a gate insulating film on 
it at a thickness of 500 to 2000 A, for example, 1000 A. It is 
formed under the same conditions as those of the formation of 
the silicon oxide film as a blocking layer. It is also 
sufficient that a small amount of fluorine is added during the 
film formation, thereby fixing sodium ion. 
[0039] 

After that, on the upper side of it, a silicon film 
containing phosphorus at a concentration of 1 to 5 x 1021 cm-3, 
or a multi-layer film made by layering molybdenum (Mo) , tungsten 
(W) , MoSi 2 , or WSi 2 on the silicon film is formed. It is 
patterned by a second photo mask (2), so that a state in Fig. 
7(B) is obtained. A gate electrode 9 for the PTFT and a gate 
electrode 19 for the NTFT are formed. For example, a channel 
length is set to 10 Jim, phosphorus -doped silicon as a gate 
electrode is formed at a thickness of 0.2 \lm, and molybdenum is 
formed on it at a thickness of 0.3 urn. In Fig. 7(C), 
photoresist 57 is formed by using a photo mask (3) and boron is 
added into a source 10 and a drain 12 for the PTFT by the ion 
implanting method at a dose of 1 to 5 x 10 is C m-2 . As shown in 
Fig. 7(D), the NTFT is formed by using a photo mask (4). 
Phosphorus is added into a source 2 0 and a drain 18 for the NTFT 
by the ion implanting method at a dose of 1 to 5 x 1015 cm-2. 
[0040] 

Those processes are performed through a gate insulating film 
54. In Fig. 7(B), however, it is sufficient that the silicon 
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oxide on the silicon film is eliminated by using gate electrodes 
55 and 56 as masks and, after that, boron and phosphorus are 
directly implanted into the silicon film. 
[0041] 

Subsequently, the thermal annealing is again performed at 
600°C for 10 to 50 hours. The source 10 and drain 12 for the 
PTFT and the source 2 0 and drain 18 for the NTFT are formed as 
P + and N+ by activating impurities. Under the gate electrodes 9 
and 19, channel forming regions 21 and 11 are formed as semi- 
amorphous semiconductors . 
[0042] 

Although it is the self aligning system, a C/TFT can be 
formed without applying a temperature of 700°C or more in the 
all processes. Consequently, it is unnecessary to use an 
expensive substrate such as quartz or the like as a substrate 
material. it is the process suitable to the liquid crystal 
display apparatus having large pixels of the present invention 
[0043] 

In the embodiment, the thermal annealing is performed twice 
in Figs. 7(A) and (D) . However, the annealing in Fig. 7(A) can 
be omitted depending on desired characteristics and the 
annealing is combined with that in Fig. 7(D), so that a 
reduction in forming period of time can be also improved. in 
Fig. 7(E), an interlayer insulating material 65 is formed as an 
silicon oxide film by the above-mentioned sputtering method. 
For the formation of the silicon oxide film, the LPCVD method, a 
photo assisted CVD method, and an atmospheric pressure CVD 
method can also be used. For example, the film is formed at a 
thickness of 0.2 to 0.6 m and, after that, a window 66 for the 
electrode is formed by using a photo mask (5). Further, aluminum 
as a metal wiring material is formed on the whole of them by~the 
sputtering method. A film containing carbon as a main component 
is formed as a light absorbing layer on it. As forming 
conditions, an ethylene gas of 20 SCCM is used, the reactive 
pressure is equal to 0.05 Torr, Rf power is equal to 70W, and 
substrate bias voltage is equal to -500V. The film is formed at 
a thickness of 2000A. Subsequently, a resist pattern is formed 
by using a photo mask (6) and the carbon film is removed by the 
plasma etching using an oxygen gas. The plasma etching is 
performed by using the resist pattern or patterned carbon film 
as a mask and using a mixed gas of a chlorine gas and carbon 
tetrafluoride, thereby forming metal wirings 71 and 72 and a 
light absorbing layer 109 by the same processes . 
[0044] 
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The metal wirings and light absorbing layer correspond to 
wirings 5, 6, 7, and 8 in the X direction shown in Fig. 6. 
Black stripes are observed from the outside of the liquid 
crystal panel. 
5 [0045] 

Subsequently, an organic resin 69 for flattening, for 
example, a translucent polyimide resin is coated onto the 
surface and a hole for the electrode is again formed by a photo 
mask (7) . 
10 [0046] 

As shown in Fig. 7(F), in order to set the two TFTs to have 
the complementary type construction and to connect the output 
terminals to one pixel electrode of the liquid crystal apparatus 
as a transparent electrode, an ITO (indium tin oxide film) is 
15 formed by the sputtering method. It is etched by a photo mask 
(8), thereby constructing a pixel electrode 17. The ITO is 
formed at a room temperature to 150°C and is then completed by 
the annealing in oxygen or an atmosphere at 200 to 400°C. 
[0047] 

20 As described above, a PTFT 22, an NTFT 13, metal wirings for 

them, and light absorbing layer 109 are formed on the same glass 
substrate 50. As obtained characteristics of the TFTs, the 
mobility is 20 (cm2/vSec) and Vth is -5.9 (V) in the PTFT and the 
mobility is 40 (cm2/VSec) and Vth is 5.0 (V) in the NTFT. 

25 [0048] 

The structure of the TFT on the above-mentioned liquid 
crystal electro-optical device is the inverter type. It is 
obvious that even when it is a buffer type, the structure is the 
same. In this manner, a first substrate is obtained. 
30 [0049] 

As another substrate, a substrate obtained by forming a 
transparent electrode on substantially the whole surface of the 
similar glass substrate is used as a second substrate. A 
polyimide solution diluted with NMP (N methyl 2-pyrrolidone) is 

3 5 printed onto the first substrate and the transparent electrode 
of the second substrate by an offset printing method. After 
that, a temporary baking at 50°C for 10 minutes is performed and 
a main baking is then performed for one hour in a nitrogen 
atmosphere at 280°C, thereby forming an orientation film. 

40 Subsequently, a rubbing process is performed to only the second 
substrate in which no active device is formed and the first and 
second substrates are adhered through a spacer having a diameter 
of 7.5 |im, thereby completing a liquid crystal cell. A liquid 
crystal material is injected into the cell, thereby completing 
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the liquid crystal electro-optical device. 
[0050] 

As compared with the conventional liquid crystal panel, in 
the liquid crystal panel formed in the embodiment, the stray 
light is reduced by about 10 to 50 % and the value of a contrast 
ratio is improved from 25 to 32. 
[0051] 

(Embodiment 2) 

In the embodiment, a case of an MIM device using an Si x C Y (X 
+ Y = 1) film as an active device is shown. 
[0052] 

As shown in Fig. 8(A), a silicon oxide film (201) is formed 
at 1000 to 3000 A on polycarbonate (200) of 0.7 mm by the RF 
sputtering. Subsequently, a film containing carbon as a main 
component is formed at a thickness of 2000 A on the whole 
surface of the substrate (the forming method is the same as that 
in the embodiment 1) . After metal molybdenum is deposited on 
the whole surface by the sputtering method, a light absorbing 
layer 202 and a metal wiring 203 which have substantially the 
same form are formed by a dry etching method by using a stripe- 
shaped mask pattern having a width of 15 m. 
[0053] 

As shown in Fig. 8(B), on the whole surface of the substrate 
including the wiring 203, a glow discharge is performed under 
the following conditions by the plasma CVD method, thereby 
forming an Si x C Y (X + Y = 1) film (204) at 1000 A. As film 
forming conditions, in a gas mixing ratio, C 2 H 4 is 2 SCCM, SiH 4 
is 1 SCCM, PH 3 (5 weight percent) /SiH 4 is 1 SCCM, and H 2 is 10 

SCCM, reactive pressure is 50 Pa, and RF power is 100W. 
[0054] 

In the embodiment, the reason why PH 3 is added is that "the 
conductivity of the film (204) is changed to control non-linear 
characteristics of electrical characteristics of the active 
device. When it is added at a ratio of 30 volume percent or 
less, it is effective. As a method of controlling the non- 
linear characteristics, there is a method of performing a 
thermal annealing. The thin film (204) corresponding to an I 
(insulator) portion of an MIM type device is dehydrogenated, 
thereby controlling a hydrogen content in the film and 
controlling non-linear characteristics of the MIM type device. 
In the embodiment, as processing conditions of the thermal 
annealing, the temperature is set to 380°C, pressure is equal to 
100 Pa, processing atmosphere is Ar, and processing time is set 
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to one hour. According to the invention, the thickness of the 
thin film (204) containing a composition shown by Si x C Y (X + Y = 

1) is set to 2000 A or less, preferably, 1000 A or less, so that 

the transparency can be raised. 

[0055] 

When a material which is used for the insulator portion of 
the MIM type device so far, for example, TaO s (tantalum 

pentaoxide) is used, since the transparency tends to bring a 
trouble, there is such a limitation in the process that the area 
is set as small as possible and the like. 
[0056] 

After that, as shown in Fig. 8(C), an ITO is again formed at 
1000 A on the film (204) by a DC sputtering method and a pixel 
electrode (205) is obtained by using the photolithography 
method. In this case, the magnetron type RF sputtering method 
can also be used. 
[0057] 

As for the size of the electrode 205 as one of pixel 
electrodes, it is shaped into a square in which one side is 2 50 
jllm and a gap between pixels is set to 25 |lm. The pixel 
electrode (205) has a size serving as a unit pixel upon 
displaying and operates so that an electric field to be applied 
to the thin film (204) is uniform in each pixel. In this 
manner, one first substrate is obtained. 
[0058] 

As a second substrate, polycarbonate is used in a manner 
similar to the first substrate and a silicon oxide film is 
formed in a manner similar to the first substrate. The other is 
made in a manner similar to the embodiment 1 and the liquid 
crystal electro-optical device is completed. When the 
projection type image display apparatus is constructed by using 
the liquid crystal device, since the contrast is high and no 
stray light occurs, the power of a light source to be used for 
projection can be set to high (for example, 200 to 300 W) , so 
that the display on the projected screen is very bright and it 
can be sufficiently visually confirmed even in the outdoor or 
light room. 
[0059] 

The film containing carbon as a main component is used as a 
light absorbing layer in both the above-mentioned embodiments. 
The film is not limited to that. A black organic resin can also 
be used. In this case, restrictions in the process are further 
relaxed due to the combination with the printing method, so that 
the liquid crystal device having a high contrast can be formed. 
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[0060] 

[Effects of the Invention] 

According to the construction of the invention, the liquid 
crystal electro-optical device in which stray light occurs 
5 little can be realized, so that the contrast of the display is 
improved and the projection type display apparatus having a 
brighter display screen can be realized. 
[0061] 

The liquid crystal panel of a higher density, a higher 
10 precision, and a. higher contrast can be realized, so that the 
projection type image display apparatus having a light display 
screen can be realized. 
[Brief Description of the Drawings] 
[Fig. 1] 

15 Schematic vertical sectional view of a liquid crystal 

electro-optical device of the present invention. 
[Fig. 2] 

Example of an optical system of a display apparatus of a 
projection system. 
20 [Fig. 3] 

Schematic vertical sectional view of a conventional liquid 
crystal electro-optical device. 
[Fig. 4] 

Schematic diagram showing an arrangement relation between a 
25 light absorbing layer, a substrate, and an electrode of the 
invention. 
[Fig. 5] 

Schematic circuit diagram of an active matrix type liquid 
crystal device. 
30 [Fig. 6] 

Schematic arrangement diagram of the active matrix type 
liquid crystal device. 
[Fig. 7] 

Forming step diagram of a substrate for the active matrix 
35 type liquid crystal device. 
[Fig. 8] 

Forming step diagram of a substrate for a liquid crystal 
device using an MIM device. 
[Description of Reference Numerals] 
40 102 . . . pixel electrode 
103 . . . pixel electrode 
104. . . metal wiring 
109... light absorbing layer . 
110... light absorbing layer 
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